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6WUHQJWKHQLQJPHWKRGVIRUUHLQIRUFHGFRQFUHWH5&VWUXFWXUDOHOHPHQWVDUHRIVLJQLILFDQWLQWHUHVWIURP
UHVHDUFKHUV DQG HQJLQHHUV ZRUOGZLGH 7KLV SDSHU SUHVHQWV DQ H[SHULPHQWDO VWXG\ RQ WKH IOH[XUDO
EHKDYLRURI5&EHDPVVWUHQJWKHQHGE\DKLJKSHUIRUPDQFHWH[WLOHUHLQIRUFHGPRUWDU750OD\HUDQG
H[DPLQHGIRUILUVWWLPHXQGHUF\FOLFORDGLQJ7KHF\FOLFORDGVZHUHFRQGXFWHGUHIHUULQJWRDQRQVLWH
ORDGPHWKRGRIH[LVWLQJ5&VWUXFWXUHVDVSHU$&,57KHPDLQFRQFHUQHGSDUDPHWHUVDIIHFWLQJ
WKHIOH[XUDOEHKDYLRURI750VWUHQJWKHQHG5&EHDPVZHUHVWXGLHGLQFOXGLQJWKHORDGLQJW\SHWKHSUH
FUDFNLQJSURFHGXUHDQGWKHQXPEHURIOD\HUVRIILEHUPHVK7KHIDLOXUHPRGHVDQGWKHGHIRUPDWLRQ
DELOLW\RIWKHWHVWHGEHDPVZHUHDQDO\]HGLQGHWDLOEDVHGRQWHVWREVHUYDWLRQVDQGDQDO\VLVUHVXOWVRQ
GHIRUPDWLRQRIWKHEHDPV7KHUHVXOWVYHULILHGWKHVWUHQJWKHQLQJHIIHFWLYHQHVVRIWKH750OD\HUIRU5&
EHDPVXQGHUF\FOLFORDGLQJ  
.H\ZRUGV 7H[WLOH UHLQIRUFHG PRUWDU )OH[XUDO VWUHQJWKHQLQJ )DLOXUH PRGH 'HERQGLQJ IDLOXUH
'HIRUPDWLRQDELOLW\

,1752'8&7,21

 5HLQIRUFHGFRQFUHWH5&LVFRQVLGHUHGDVRQHRI
WKH ZLGHO\XVHG PDWHULDOV IRU YDULRXV FLYLO DQG
LQIUDVWUXFWXUH VWUXFWXUHV +RZHYHU 5& VWUXFWXUHV PD\
GHWHULRUDWH UDSLGO\ LI WKHLU H[WHUQDO ORDG DFWLRQV RU
VXUURXQGLQJ HQYLURQPHQW FRQGLWLRQV GXULQJ OLIHWLPH
RYHUVWHS WKH FRQVLGHUDWLRQV DW WKH GHVLJQ VWDJH 7KH
VWUXFWXUDO GHWHULRUDWLRQ PD\ UHVXOW LQ DQ XQVDWLVIDFWRU\
VDIHW\ SHUIRUPDQFH RI 5& VWUXFWXUHV ZKLFK FRXOG EH
FDXVHGE\WKHFKDQJHVLQWKHLUXVHRUGHVLJQFULWHULD)RU
H[DPSOH WKH UHTXLUHPHQWV DV SHU QHZ GHVLJQ FULWHULD
H[FHHG WKDW RI FRUUHVSRQGLQJ RULJLQDO GHVLJQ FULWHULD
ZKHQWKH5&VWUXFWXUHVDUHEXLOW)RUWKLVUHDVRQPDQ\
H[LVWLQJ VWUXFWXUHV UHTXLUH DQ LPSURYHPHQW RI WKHLU
VWUXFWXUDOEHKDYLRUVE\VWUHQJWKHQLQJRUUHSDLULQJWKHP
WRWDOO\RUSDUWO\)URP WKH OLWHUDWXUHPDQ\ UHVHDUFKHUV
>@ H[SHULPHQWDOO\ DQG QXPHULFDOO\ LQYHVWLJDWHG WKH
VWUXFWXUDO EHKDYLRU RI VWUHQJWKHQHG 5& EHDPV ZLWK
DGYDQFHG FRPSRVLWH PDWHULDOV VXFK DV ILEHU UHLQIRUFHG
SRO\PHU)53VKHHW
 
&XUUHQWPHWKRGVWRVWUHQJWKHQ5&VWUXFWXUHVLQFOXGH
LQFUHDVLQJ WKH FURVVVHFWLRQ RI HOHPHQWV 
VWUHQJWKHQLQJ ZLWK H[WHUQDO ERQG PDWHULDOV VXFK VWHHO
SODWHV DQG  VWUHQJWKHQLQJ ZLWK H[WHUQDO VWUXFWXUDO
PHDVXUHV VXFK DV XVLQJ VWHHO VWUXFWXUDO HOHPHQWV 7KH
ILUVWPHWKRGXVXDOO\LQFUHDVHVWKHVHOIZHLJKWRIRULJLQDO
VWUXFWXUHV UHVXOWLQJ LQ WKH UHGXFWLRQ RI XVDEOH VSDFHV
ZLWKLQWKHVWUXFWXUH7KHVHFRQGRQHKDVDWWUDFWHGPDQ\
FRQFHUQVEDVHGRQ WKH OLWHUDWXUHZKLFKXVXDOO\XVHVDQ
H[WHUQDOVWHHOSODWHRURWKHUPDWHULDOVVXFKDV)53VKHHW
6HYHUDO UHVHDUFKHUV >@ KDYH UHFHQWO\ UHSRUWHG RWKHU
LQQRYDWLYH DOWHUQDWLYH VROXWLRQV IRU VWUHQJWKHQLQJ 5&
VWUXFWXUHVZLWKKLJKSHUIRUPDQFHFHPHQWLWLRXVPDWHULDOV
VWUHQJWKHQLQJOD\HUVXVLQJLQQRYDWLYHGXUDEOHQRQPHWDO
UHLQIRUFHPHQWV $Q DWWUDFWLYH DOWHUQDWLYH LV WKH WH[WLOH
UHLQIRUFHGFRQFUHWHPRUWDU75&RU750VWUHQJWKHQLQJ
PHWKRGIRULWVKLJKVWUXFWXUDOSHUIRUPDQFHDQGH[FHOOHQW
GXUDELOLW\ >@ 75&750 FRQVLVWV RI PXOWLD[LDO
WH[WLOH IDEULFVERQGHG WRFRQFUHWHVXUIDFHVZLWKDILQH
JUDLQHGFRQFUHWHPRUWDU7KHHIIHFWLYHQHVVRI75&750
V\VWHP XQGHU YDULRXV ORDGV ZDV H[DPLQHG E\ RWKHU
UHVHDUFKHUVVXFKDV%UFNQHUHWDO>@,WZDVYHULILHG
WKDW75&750VWUHQJWKHQLQJFRXOGEHD VROXWLRQZLWK
JUHDW SRWHQWLDO DQG DGYDQWDJHV FRPSDULQJ WR H[LVWLQJ
VWUHQJWKHQLQJPDWHULDOVDQGWHFKQLTXHV
 +RZHYHUH[LVWLQJVWXGLHVPRVWO\IRFXVHGRQWKH
EHKDYLRU RI 75&750VWUHQJWKHQHG 5& EHDPV XQGHU
VWDWLF ORDGV >@ 8S WR QRZ TXLWH OLPLWHG VWXGLHV
KDYHEHHQUHSRUWHGRQWKHF\FOLFEHKDYLRURIVXFKEHDPV
DOWKRXJK F\FOLF ORDGV FDQ PDNH WKH SHUIRUPDQFH
GHWHULRUDWLRQRI5&VWUXFWXUHVZRUVHVXFKDVWKHIDWLJXH
F\FOLQJ EHKDYLRU RI 5& EULGJH JLUGHUV %DVHG RQ$&,
>@F\FOLFORDGWHVWVKDYHEHHQSHUIRUPHGRQH[LVWLQJ
VWUXFWXUHV DV D GLDJQRVWLF PHWKRG WR HYDOXDWH WKH
SHUIRUPDQFHRIVWUXFWXUDOPHPEHUVLQDVKRUWGXUDWLRQRI
WLPHDVFRPSDUHGZLWKDVWDQGDUG ORDG WHVW7KHUHIRUH
WKLVVWXG\PDLQO\IRFXVHVRQWKHFULWLFDOF\FOLFEHKDYLRU
RI 750VWUHQJWKHQHG 5& EHDPV ,Q DGGLWLRQ D SUH
FUDFNLQJ PHWKRGRORJ\ LV XVXDOO\ XVHG LQ ODERUDWRU\
WHVWLQJ RQ VWUHQJWKHQHG 5& EHDPV WR VLPXODWH WKH
GDPDJHVLQWKHLULQLWLDOVWDJHVXFKDVLQLWLDOFUDFNVEDVHG
RQSUHYLRXVVWXGLHV>@7KHPHWKRGRORJ\LVLQRUGHU
 $VVLVWDQW3URI'HSWRI$UFKLWHFWXUH)XNXRND8QLYHUVLW\3K'-&,0HPEHU
 $VVRFLDWH3URI6FKRRORI&LYLO(QJ8QLYHUVLW\RI/HHGV8.3K',&()HOORZCorresponding author
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 3URI6FKRRORI&LYLO(QJ8QLYHUVLW\RI/HHGV8.3K'
WR LGHQWLI\ D FULWLFDO ORDG IRU WKH WHVWHG VSHFLPHQV RQ
ZKLFK WKH EHDPV DUH GDPDJHG E\ WKH LQLWLDO FUDFNLQJ
7KHQWKHSUHFUDFNHGEHDPVDUHUHSDLUHGDQGLPSRVHG
XQGHUF\FOLFORDGLQJ7KHUHIRUHWKHSDSHUDOVRFRQFHUQV
WKHHIIHFWRI750VWUHQJWKHQLQJOD\HURQWKHVWUXFWXUDO
EHKDYLRUVRIWKHSUHFUDFNHGEHDPV,QVXPPDU\WKHNH\
REMHFWLYH RI WKLV SDSHU LV WR SURYLGH D EHWWHU
XQGHUVWDQGLQJRIWKHIOH[XUDOSHUIRUPDQFHRI5&EHDPV
VWUHQJWKHQHGE\KLJKSHUIRUPDQFH750OD\HUVXEMHFWHG
WR F\FOLF ORDGV 7KH PDLQ FRQFHUQHG FRQWHQWV DUH WKH
IOH[XUDOVWUHQJWKGHIRUPDWLRQDQGIDLOXUHPRGHVRIWKH
VWUHQJWKHQHGEHDPV

7(67352*5$06
 ,QWKLVUHVHDUFKVL[VLPSO\VXSSRUWHGUHFWDQJXODU
5&EHDPVZHUHWHVWHGZLWKDVSDQOHQJWKRIPPD
ZLGWKRIPPDQGDGHSWKRIPP$VSHUFXUUHQW
(XURFRGH  >@ DOO 5& EHDPV ZHUH GHVLJQHG ZLWK D
SRWHQWLDO IOH[XUDO IDLOXUH PRGH ,Q HDFK EHDP WKUHH
PPGLDPHWHUGHIRUPHGVWHHOUHEDUV'ZHUHXVHG
DWWKHWHQVLOH]RQHRIEHDPVDVORQJLWXGLQDOUHLQIRUFLQJ
VWHHOEDUVZKLOHWZRPPVWHHOEDUV'ZHUHDSSOLHG
DW FRPSUHVVLRQ ]RQH 6HYHQWHHQ VWHHO VWLUUXSV RI PP
GLDPHWHU5ZHUHVHWLQHDFKEHDPZLWKDVSDFLQJRI
PP7KHWKLFNQHVVRIFRQFUHWHFRYHUZDVPP7KH
GHWDLOVRIWKHVSHFLPHQVDUHOLVWHGLQ7DEOHDQGSORWWHG
LQ)LJ%HDPV&%DQG&%ZHUHVWXGLHGDVFRQWURO
EHDPVDQGWKH7%VHULHVRIEHDPV7%DQG7%ZHUH
GLUHFWO\ VWUHQJWKHQHG E\750 OD\HU7KH VWUHQJWKHQHG
EHDPV 37% DQG 37% ZHUH ILUVW ORDGHG IRU D SUH
FUDFNLQJLQ WKHRI WKHWRWDOFDSDFLW\RI WKHEHDPV
DQGWKHQVWUHQJWKHQHGE\750OD\HU8QGHUWKLVOHYHORI
IOH[XUDO SRLQW ORDG WKH GHIOHFWLRQ RI WKH EHDP ZDV
FRQVLGHUHGWRUHDFKDOHYHORIlZKLFKLVFRQVLGHUHG
DV WKH PD[LPXP DOORZHG GHIOHFWLRQ IRU VHUYLFHDELOLW\
OLPLWVWDWHVDFFRUGLQJWRWKH(XURFRGH>@ZKHUHlLVWKH
VSDQOHQJWKRI5&EHDPV,WVKRXOGEHQRWLFHGWKDWWKH
DJLQJRIVWHHOUHEDUVLQWKHEHDPZDVQRWFRQVLGHUHGLQ
WKLVVWXG\IRUDOOWHVWVZDVILQLVKHGZLWKLQWKUHHPRQWKV
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b WKH ZLGWK RI EHDP D WKH JURVV GHSWK RI EHDP Fc WKH
FRPSUHVVLYHVWUHQJWKRIF\OLQGHUFRQFUHWHFmWKHFRPSUHVVLYH
VWUHQJWKRIWKHPRUWDURI750PcWKHSHUFHQWRISUHFDUNLQJ
ORDG RI WRWDO FDSDFLW\0&PRQRWRQLFF\FOLF ORDGVAs
WKH WRWDO FURVVVHFWLRQ DUHD RI DOO ORQJLWXGLQDO WHQVLOH
UHLQIRUFLQJUHEDUVLQEHDPVHFWLRQNWKHQXPEHURIOD\HUVRI
IDEULFPHVKLQ750OD\HU

0DWHULDOV
5HLQIRUFHPHQWV
 PP DQG PP QRPLQDO GLDPHWHU 6 VWHHO
UHEDUV 'DQG' (8VWDQGDUGZHUHXVHGDV WKH
ORQJLWXGLQDOVWHHOUHEDUVIRUDOOWKHEHDPVRIWKLVVWXG\
7KH\LHOGVWUHQJWKVRIWZRUHEDUVERWKZHUH03D
&RQFUHWH
 1RUPDO VWUHQJWK FRQFUHWH & OHYHO ZDV XVHG
IRUDOOWHVWHG5&EHDPVLQWKHVWXG\7KHZDWHUFHPHQW
UDWLRRIWKHFRQFUHWHZDV7KHGHQVLW\DQGHODVWLFLW\
PRGXOXVRIWKHFRQFUHWHZHUHNJPDQG*3D
UHVSHFWLYHO\ZKLFKZHUHREWDLQHGWKURXJKVWDQGDUGWHVWV
RIWKUHHVWDQGDUGF\OLQGHUVSHFLPHQVPPGLDPHWHU
DQGPPKHLJKWFXUHGLQDVWDQGDUGFRQFUHWHFXULQJ
URRP UHODWLYH KXPLGLW\ RI  WHPSHUDWXUH RI 
R&7KHDFWXDOFRPSUHVVLYHVWUHQJWKVRIWKHFRQFUHWHV
DUHOLVWHGLQ7DEOH

)LJ'HWDLOVRIWHVWHGVSHFLPHQVLQPP
6WUHQJWKHQLQJPDWHULDOV
 7KH XVHG KLJKSHUIRUPDQFH WH[WLOH UHLQIRUFHG
PRUWDU 750VWUHQJWKHQLQJOD\HUFRQVLVWHGRIDKLJK
SHUIRUPDQFH IDEULF PHVK DQG D KLJK VWUHQJWK PRUWDU
ZKLFKZDVPDGHRI&(0,FHPHQWIO\DVKPLFUR
VLOLFDDQGILQHJUDLQHGVDQGVPPUHVSHFWLYHO\
7KH DFWXDO FRPSUHVVLYH VWUHQJWKV RI WKH PRUWDUV DUH
OLVWHG LQ 7DEOH  )RU WKH VWUHQJWKHQLQJ SURFHGXUH DV
VKRZQLQ)LJWKHWHQVLOHVLGHRIWKHEHDPVZDVZHWWHG
ILUVWO\7KHILUVW OD\HURIWKHPRUWDUZDVVSUD\HGWRWKH
VXUIDFHRIWKHEHDPVIRUKDYLQJDEHWWHUERQGEHWZHHQ
FRQFUHWHVXUIDFHDQG750OD\HU7KHQWKHWH[WLOHIDEULF
PHVKZDVDWWDFKHGRQWKHVXUIDFHRIWKHPRUWDUZKLFK
ZDVWKHQFRYHUHGZLWKWKHUHVWOD\HURIPRUWDU7KH750
OD\HUZDVLQWRWDOPPLQWKLFNQHVVDQGZDVFRQVLGHUHG
DV RQH OD\HU RI 750 VWUHQJWKHQLQJ OD\HU 7KH XVHG
FDUERQIDEULFPHVKQDPHGDV;&,0SURYLGHGE\D
ORFDOPDQXIDFWXUHU,WZDVPDGHRIFDUERQLQIRXUOD\HUV
RI URYLQJ RULHQWHG LQ IRXU GLUHFWLRQV 
GHJUHH KDV D IDEULF ZHLJKW RI JP 7KH
WHQVLOHVWUHQJWKDQG<RXQJ¶VPRGXOXVRIWKHXVHGIDEULF
PHVKOD\HUVZHUH03DDQG*3DUHVSHFWLYHO\

)LJ3UHSDUDWLRQRI750VWUHQJWKHQLQJOD\HU

/RDGLQJDQG3UHFUDFNLQJ0HWKRG
 $OO WHVWHG VSHFLPHQV ZHUH VXEMHFWHG WR D IRXU
SRLQW F\FOLF EHQGLQJ ORDG FRQGXFWHG LQ WKH 6WUXFWXUHV
+HDY\/DERUDWRU\DWWKH8QLYHUVLW\RI/HHGV8.7KH
ORDGVZHUHFRQWUROOHGE\WKHPLGVSDQGHIOHFWLRQRIWKH
EHDPVDQGWKHDSSOLHGORDGLQJUDWHZDVVHWDVN1PLQ
6HYHUDO /LQHDU 9DULDEOH 'LIIHUHQWLDO 7UDQVIRUPHUV
/9'7V ZHUH XVHG WR PHDVXUH WKH GHIRUPDWLRQ DQG
GLVSODFHPHQWV RI WKH EHDPVZKLFKZHUHSODFHG DW WKH
PLGVSDQRIWKHEHDPDWWKHULJKWDQGOHIWRIWKHPLGGOH
LQDGLVWDQFHRIPP7ZR/9'7VZHUHSODFHGLQWKH
HQGVRIWKHWHVWHGEHDPVLQRUGHUWRPRQLWRUWKHSRWHQWLDO
PRYHPHQW RI WKH EHDPV GXULQJ WKH WHVWV LQ LWV D[LV
GLUHFWLRQ0HDQZKLOHWZRVWUDLQJDXJHVZHUHSODFHGDW
WKH ORQJLWXGLQDO WHQVLOH UHLQIRUFHPHQWV DQG ILYH VWUDLQ
JDXJHVZHUHSODFHGRQEHWZHHQWKHROGFRQFUHWHVXUIDFH
DQG750VWUHQJWKHQLQJOD\HU 
 &RQVLGHULQJ WKDW WKH SUDFWLFDO VWUHQJWKHQLQJ
SURFHVVRI 5& HOHPHQWV XVXDOO\ LV FRQGXFWHG DIWHU WKH
HOHPHQWV KDYH EHHQ VXEMHFWHG WR H[WHUQDO ORDGV ZKLFK
XVXDOO\FDXVHGFUDFNVLQRULJLQDO5&EHDPV)RUWKLVWKH
VWXG\SHUIRUPHGDSUHFUDFNLQJSURFHGXUHIRUWZRRIWKH
EHDPVWRDQDO\]HLWVHIIHFWRQWKHVWUXFWXUDOEHKDYLRURI
VWUHQJWKHQHGEHDPV)RUSUHFUDFNHG5&EHDPV37%
DQG37%WKHSUHORDGLQJSURFHGXUHZDVVWRSSHGZKHQ
WKHPLGVSDQGHIOHFWLRQRIWKHEHDPVUHDFKHGPP7KLV
OHYHO RI GHIOHFWLRQ LV HVWLPDWHG DERXW WKH  RI WKH
GHIOHFWLRQFRUUHVSRQGLQJWRlRIWKHEHDPVZKLFKLV
WKH PD[LPXP DOORZHGGHIOHFWLRQ IRU WKH VHUYLFHDELOLW\
OLPLWVWDWH6/6DFFRUGLQJWRWKH(XURFRGH>@ZKHUH
lLVWKHVSDQOHQJWKRIWKHEHDPV7KHUHIRUHDFFRUGLQJWR
WKHVWRSFULWHULRQWKHPD[LPXPORDGDSSOLHGIRUWKHSUH
FUDFNLQJWHVWVRIERWKEHDPVZDVN1 
)LJ$SSOLHGF\FOLFORDGLQJPHWKRGDVSHU$&,>@
 ,QRUGHUWRHYDOXDWHWKHF\FOLFSHUIRUPDQFHRI5&
VWUXFWXUDOPHPEHUVVWUHQJWKHQHGZLWKWKH750OD\HUDQG
FRQILUPLWVVWUHQJWKHQLQJHIIHFWLYHQHVVDF\FOLFORDGWHVW
EDVHGRQ$&,5>@IRFXVLQJRQWKHHYDOXDWLRQ
RI H[LVWLQJ 5& EXLOGLQJV ZDV FRQGXFWHG LQ WKLV VWXG\
$FFRUGLQJWRWKH$&,FRGHDWHVWFDOOHGDVWKHFORVHG
ORRSWHVWZDVXVHGWRVLPXODWHWKHF\FOLFORDGLQJLQWKH
ODERUDWRU\ZKLFKZDVEDVHGRQFRQFHQWUDWHGORDGVLQD
TXDVLVWDWLF PHWKRG E\ SURGXFLQJ DW OHDVW VL[ ORDGLQJ
XQORDGLQJ F\FOHV 7KH HQWLUH SURFHVV RI ORDGLQJ
XQORDGLQJGHVFULEHG LV VKRZQ LQ)LJZKHUH WKH ILUVW
WZRF\FOHVF\FOH$DQG%DSSOLHGIRUN1VWPrefDQG
F\FOH&DQG'DSSOLHGIRUN1QGPref7KHLQFUHPHQW
UDWH RI WKH UHIHUHQFH ORDGPref ZDV VHW DV N1 LQ WKLV
VWXG\7KHORDGSURFHVVZDVFRQWLQXHGXSWRWKHXOWLPDWH
IDLOXUHRIWKHEHDPVZLWKDVHYHUHFRQFUHWHFUXVKLQJLQ
WKHFRPSUHVVLYH]RQHRIWKHEHDPVRUZLWKDIUDFWXUHRI
UHLQIRUFHPHQWVRURI750VWUHQJWKHQLQJOD\HU 
7(675(68/76 
 *HQHUDOREVHUYDWLRQV 
 )LJ VKRZV WKH XOWLPDWH GDPDJH VLWXDWLRQ RI D
UHSUHVHQWDWLYHVSHFLPHQ7%$VVKRZQLQWKHILJXUH
DOO WHVWHG 5& EHDPV ZLWK DQG ZLWKRXW VWUHQJWKHQLQJ
GHPRQVWUDWH D W\SLFDO IOH[XUDO IDLOXUH PRGH ZLWK D
VXIILFLHQW FUDFNLQJ HYROXWLRQ7KH IOH[XUDO FUDFNV SDVV
WKURXJKWKH750OD\HURIWKHVWUHQJWKHQHG5&EHDPV
7KHPDLQGDPDJHFKDUDFWHULVWLFVRIWKHVWUHQJWKHQHG5&
EHDPV ZHUH GLYLGHG LQWR WKUHH DVSHFWV D WKH GH
ERQGLQJGDPDJHRI WKH750VWUHQJWKHQLQJ OD\HU IURP
WKH5&EHDPEWKHFRQFUHWHFUXVKLQJLQFRPSUHVVLRQ
]RQH DW ODUJH GHIRUPDWLRQ VWDJH DQG F WKH XOWLPDWH
IUDFWXUHRI WKH750OD\HUDWXOWLPDWHOLPLWVWDWHRI WKH
EHDPVWDUWLQJIURPFRQFUHWHIUDFWXUHWRWH[WLOHILEHUPHVK
IUDFWXUH +RZHYHU EHIRUH WKH IUDFWXUH RI WKH 750
VWUHQJWKHQLQJOD\HUVWKHFUDFNLQJRIWKH750OD\HUVJRW
DVXIILFLHQWHYROXWLRQZKLFKFRQILUPVWKHIOH[XUDOIDLOXUH
PRGHRIWKHEHDPV
)LJ'DPDJHFKDUDFWHULVWLFVRI5&EHDP7%DW
XOWLPDWHVWDWH%HDP&%LVVLPLODU
)LJ/RDGPLGVSDQGHIOHFWLRQRIWHVWHGEHDPV

 /RDGGHIOHFWLRQUHODWLRQVKLS
 )LJ VKRZV WKH ORDGPLGVSDQ GHIOHFWLRQ FXUYHV
RIIRXUUHSUHVHQWDWLYHVSHFLPHQV7KHLQLWLDOGHIRUPDWLRQ
RIWKHEHDPVVKRZVDKLJKOHYHORIVLPLODULW\KRZHYHU
VWUHQJWKHQLQJRI750LPSURYHG WKH LQLWLDO VWLIIQHVVRI
WKH 5& EHDPV 7KH ORDGFDUU\LQJ FDSDFLWLHV RI 750
VWUHQJWKHQHG5&EHDPV7%37%37%ZHUH
 WLPHV WKHRQHRIFRQWUROEHDP UHVSHFWLYHO\
7KH VWUHQJWKHQLQJ HIIHFWLYHQHVV RI 750 OD\HU RQ WKH
IOH[XUDOEHKDYLRURI5&EHDPVZDVSUHVHQWHGKRZHYHU
EH\RQG PP RI PLGVSDQ GHIOHFWLRQ WKH EHDPV
VWUHQJWKHQHG E\ 750 OD\HU VKRZHG D VLPLODU ORDG
FDSDFLW\UHGXFWLRQUDWHEHIRUHWKHIUDFWXUHRI750OD\HU
%XWWKH750OD\HULQWKHVWUHQJWKHQHGEHDPXVLQJRQH
OD\HUILEHUPHVKZLWKRXWWKHSUHFUDFNLQJILUVWIUDFWXUHG
DVVKRZQLQ)LJ7KHSUHFUDFNLQJSURFHGXUHKDVOLWWOH
LQIOXHQFHRQWKHORDGFDUU\LQJFDSDFLW\RIWKH5&EHDP
VWUHQJWKHQHGE\RQHOD\HUILEHUPHVKRI750OD\HUDV
&XUYHVEDQGFVKRZQLQWKHILJXUH

 (IIHFWV RI PDLQ SDUDPHWHUV RQ ORDGPLGVSDQ
GHIOHFWLRQUHODWLRQVKLS
Effect of load type 
 $VVKRZQLQ)LJDOWKRXJKWKHLQLWLDOVWLIIQHVVRI
WKHFRQWUROEHDPLVDIIHFWHGGXHWRWKHLQIOXHQFHRIWKH
ORDGLQJW\SHWKHORDGGHIOHFWLRQEHKDYLRXURIWKHFRQWURO
EHDPSUHVHQWVDKLJKVLPLODULW\7KLVFDQEHH[SODLQHGE\
WKH IDFW WKDW WKH XQORDGLQJ SURFHVV RI FRQFUHWH DW WKH
HDUO\ VWDJH RI F\FOLQJ ORDG UHGXFHV WKH IOH[XUDO
GHIRUPDWLRQ DQG GDPDJH DFFXPXODWLRQ RI WKH EHDP
+RZHYHU WKH XQORDGLQJUHORDGLQJ SURFHVV DW WKH ODWHU
VWDJHRIF\FOLQJORDGDFFXPXODWHVWKHIDLOXUHGDPDJHRI
WKHEHDPZKLFKZDVYHULILHGE\WKHIDFWWKDWWKHXOWLPDWH
GHIRUPDWLRQRIWKHEHDPXQGHUF\FOLQJORDGLVODUJHUWKDQ
WKDWRIWKHFRQWUROEHDPXQGHUPRQRWRQLFORDGDVVKRZQ
LQ WKH ILJXUH%HVLGHV WKH XQORDGLQJUHORDGLQJSDWKRI
WKHF\FOLFORDGLQJZDVVLPLODUWRWKDWRIWKHPRQRWRQLF
ORDG LQ WHUPV RI ORDGGHIOHFWLRQ UHVSRQVH XS WR WKH
\LHOGLQJSRLQWRIWKH5&EHDPVZKLFKZDVVLPLODUWRWKH
FDVHRIWKH)53FRQILQHGFRQFUHWHUHSRUWHGE\/DPHWDO
>@+RZHYHUDIWHUWKHEHDPVUHDFKWKHLU\LHOGLQJSRLQW
LW ZDV UHPDUNDEOH WKDW WKH IDLOXUH RI WKH FRQWURO EHDP
XQGHU F\FOLF ORDGLQJ KDSSHQHG HDUOLHU WKDQ WKDW RI WKH
FRQWURO5&EHDPXQGHUPRQRWRQLFORDGLQJ0HDQZKLOH
WKHF\FOLFORDGLQJFXUYHUHDFKHGWKHPD[LPXPORDGRI
N1DWDPD[LPXPPLGVSDQGHIOHFWLRQRIPPDQG
WKHPRQRWRQLFFXUYHUHDFKHGLWVPD[LPXPORDGRIN1
FRUUHVSRQGLQJPLGVSDQGHIOHFWLRQRIPP7KHUHIRUH
LW LV FRQFOXGHG WKDW F\FOLF ORDG H[SHGLWHV WKH XOWLPDWH
IDLOXUHRIWKH5&EHDPEXWRQO\KDYHDVPDOOLQIOXHQFH
RQWKHORDGFDUU\LQJFDSDFLW\RIEHDPVFRPSDULQJZLWK
WKHFDVHRIDPRQRWRQLFORDG
)LJ/RDGPLGVSDQGHIOHFWLRQRIWHVWHGEHDPV
XQGHUGLIIHUHQWORDGV
Effect of pre-cracking procedure of RC beams 
 )LJFRPSDUHV WKH ORDGGHIOHFWLRQEHKDYLRXURI
EHDPV VWUHQJWKHQHG E\ 750 ZLWK DQG ZLWKRXW SUH
FUDFNLQJ SURFHVV XQGHU F\FOLF ORDGV UHVSHFWLYHO\
5HJDUGOHVV RI WKH XVH RI WKH SUHFUDFNLQJ WKH
VWUHQJWKHQLQJ HIIHFWV RI WKH750 OD\HU LQ ERWK EHDPV
ZDVYHULILHG LQ WHUPVRIXOWLPDWH IOH[XUDO VWUHQJWKDQG
GHIRUPDWLRQDELOLW\7KHLPSURYHPHQWLQWKHPD[LPXP
IOH[XUDO VWUHQJWK RI WKH EHDP ZLWK WKH SUHFUDFNLQJ
SURFHGXUHLVVOLJKWO\KLJKHUWKDQWKDWRIWKHEHDPZLWKRXW
SUHFUDFNLQJ$EHWWHULQWHUIDFHERQGEHKDYLRUEHWZHHQ
RULJLQDOFRQFUHWHVXUIDFHDQG750VWUHQJWKHQLQJOD\HU
PD\FRQWULEXWHWRWKHHQKDQFHPHQWLQIOH[XUDOVWUHQJWK
LQFUHDVLQJ ZKLFK ZDV FDXVHG E\ WKH VPDOO VXUIDFH
GDPDJH DQG FUDFNLQJ DW WKH WHQVLOH VLGH RI WKH EHDP
GXULQJWKHSUHFUDFNLQJSURFHVV,QDGGLWLRQDFFRUGLQJ
WR)LJLWFDQEHVHHQWKDWWKH750OD\HULPSURYHVWKH
VHFWLRQDO VWLIIQHVV RI WKH EHDPV DW WKH HDUO\ VWDJH
UHJDUGOHVVRIWKHXVHRIWKHSUHFUDFNLQJSURFHGXUH7KH
ODUJHUVHFWLRQDOGHSWKDQGWKHIOH[XUDOUHVLVWDQFHRIWKH
750 OD\HU FRQWULEXWHG WR WKH LQFUHDVH RI WKH ODWHUDO
VWLIIQHVVRI WKHEHDPV2QWKHRWKHUKDQGDVVKRZQLQ
)LJ WKH XOWLPDWH GHIRUPDWLRQDELOLW\ RI ERWK
VWUHQJWKHQHG EHDPV LV VLJQLILFDQWO\ KLJKHU WKDQ WKH
FRQWUROEHDP&%HVSHFLDOO\IRUWKHEHDPZLWKRXWWKH
SUHFUDFNLQJ SURFHGXUH )RU 37% WKH XOWLPDWH PLG
VSDQGHIOHFWLRQUHDFKHGPPZKLFKZDVWLPHV
KLJKHU WKDQ WKDWRI WKHFRQWUROEHDPZKLOH7%EHDP
UHDFKHGPPZKLFKLVWLPHVPRUHWKDQWKDWRI
WKH EHDP &% 7KH UHDVRQ ZK\ WKH EHDP 7% KDV D
KLJKHUXOWLPDWHPLQVSDQGHIOHFWLRQFRPSDULQJZLWKWKDW
RI EHDP 37% PD\ EH DWWULEXWHG WR WKH IDFW WKDW WKH
GHIRUPDWLRQDQGFUDFNLQJLQ37%EHDPGXULQJWKHSUH
FUDFNLQJ SURFHGXUH DUH HDVLHU WR EH GHYHORSHG DW
VXEVHTXHQWF\FOLFORDGLQJSURFHGXUH
)LJ(IIHFWRISUHFUDFNLQJSURFHGXUH
)LJ(IIHFWRIWKHOD\HUQXPEHURIILEHUPHVK
Effect of the number of fabric mesh in the TRM layer 
 )LJVKRZVWKHHIIHFWRIWKHQXPEHURIOD\HUVRI
IDEULF PHVK LQ WKH 750 OD\HU RQ WKH F\FOLF IOH[XUDO
EHKDYLRURIWKHEHDPVZLWKDSUHFUDFNLQJ7KHUHVXOWV
SORWWHGLQ)LJVKRZWKDWWKH750OD\HUZLWKWZROD\HUV
RIILEHUPHVKSUHVHQWVEHWWHUVWUHQJWKHQLQJIURPWKHYLHZ
RIIOH[XUDOVWUHQJWKDQGGHIRUPDWLRQRIWKHEHDPV7KH
PD[LPXP IOH[XUDO VWUHQJWK DQG XOWLPDWH PLGVSDQ
GHIOHFWLRQ RI WKH EHDP ZLWK WZR OD\HUV RI ILEHU PHVK
UHDFKHG N1 DQG PP ZKLFK ZHUH  DQG
WLPHVWKDWRIWKHEHDPZLWKRQHOD\HURIILEHUPHVK
UHVSHFWLYHO\ 
 $VVKRZQLQ)LJDOWKRXJKWKHPRUWDURI750
OD\HU KDV D OLWWOH VPDOOHU FRPSUHVVLYH VWUHQJWK LQ WKH
EHDP37%WKHIOH[XUDOVWUHQJWKRIWKHEHDPZDVVWLOO
KLJKHUWKDQWKHEHDP37%VWUHQJWKHQHGE\750ZLWK
RQH OD\HU RI ILEHU PHVK 7KLV LQGLFDWHG WKDW WKH PDLQ
GHVLJQ FRQVLGHUDWLRQ RI 750 VWUHQJWKHQLQJ OD\HU WR
LPSURYHWKHIOH[XUDOEHKDYLRURI5&EHDPVVKRXOGEHWKH
WH[WLOHIDEULFPHVKLQVLGHLHWKHUHLQIRUFHPHQWVRIWKH
750OD\HU,QWKHEHDP37%WKHLPSURYHPHQWHIIHFW
RI 750 VWUHQJWKHQLQJ OD\HU RQ WKH IOH[XUDO VWUHQJWK
XOWLPDWH GHIRUPDWLRQ DQG VWLIIQHVV RI 5& EHDPV ZDV
VLPLODU WR WKDW DW37%KDYLQJRQO\RQH OD\HURI ILEHU
PHVK7KHEHDPZLWKGRXEOHOD\HUVRIPHVKKDGDKLJKHU
XOWLPDWHPLGVSDQGHIOHFWLRQFRPSDULQJZLWKWKHEHDP
ZLWKRQHOD\HURIPHVKZKLFKFDQEHDWWULEXWHGWRWKDW
WKH750OD\HUZLWKGRXEOHOD\HUVRIILEHUPHVKSURYLGHG
DKLJKHUOHYHORIIOH[XUDOUHVLVWDQFHDWWKHODWHUVWDJHRI
F\FOLFORDGLQJIRUWKHODUJHUWRWDOWHQVLOHVWUHQJWKWKDWWKH
IDEULFPHVKFRXOGSURYLGH

',6&866,216
 )OH[XUDOEHKDYLRUDQGIDLOXUHPRGHVRIEHDPV
 $FFRUGLQJWRWKHWHVWREVHUYDWLRQVUHSRUWHGDERYH
WKH IOH[XUDO EHKDYLRU DQG IDLOXUH PRGHV RI 750
VWUHQJWKHQHG 5& EHDPV ZHUH VLJQLILFDQWO\ DIIHFWHG E\
WKH FRPSRVLWLRQ RI 750 OD\HU LH FRQFUHWHPRUWDU
EDVLVDQGWH[WLOHILEHUPHVKOD\HU)LJVKRZVDVLPSOH
GHVFULSWLRQ RI WKH FKDUDFWHULVWLFV RI ORDGGHIOHFWLRQ
FXUYHV RI 750 VWUHQJWKHQHG 5& EHDPV DQG WKHLU
SRWHQWLDOIDLOXUHPRGHV7KHGHWDLOVRIWKHGLIIHUHQWFDVHV
DUHGLVFXVVHGDVIROORZV
Case (a)strengthened by an ideal bonded and well-
reinforced TRM layer 
  ,QWKLVFDVHWKH750VWUHQJWKHQLQJOD\HUKDVDQ
LGHDOERQGLQJEHKDYLRUZLWKWKHVXUIDFHRIWKHRULJLQDO
EHDP LQ ZKLFK WKH OD\HU LV XVXDOO\ UHLQIRUFHG E\
UHLQIRUFHPHQWWH[WLOHIDEULFPHVKVWURQJO\ZLWKDJUHDW
FRZRUNLQJDQGGHIRUPDWLRQVWDWH
Case (b)strengthened by an ideal bonded and weakly-
reinforced TRM layer 
 $FFRUGLQJ WR &DVH D ZKHQ 750 OD\HU KDV
UHODWLYH ZHDN WH[WLOH IDEULF UHLQIRUFHPHQWV WKH ZKROH
VWUHQJWKHQLQJOD\HUXVXDOO\IUDFWXUHVDWWKHHDUO\VWDJHRI
ODUJHGHIOHFWLRQVXFKDV3RLQWBZKLFKPDNHVWKHORDG
FDUU\LQJFDSDFLW\RI5&EHDPGHFUHDVHVKDUSO\DQGWKH
VWUHQJWKHQHGEHDPSUHVHQWVDVLPLODUEHKDYLRUWRWKDWRI
XQVWUHQJWKHQHGEHDPV7KLVVWHHSUHGXFWLRQRIWKHORDG
FDUU\LQJ FDSDFLW\ DGYHUVHO\ DIIHFWV WKH VXEVHTXHQW
EHKDYLRURIWKHEHDPPDNLQJWKHORDGUHVLVWDQFHRIWKH
EHDPZRUVHWKDQWKHRULJLQDOEHDP
Case (c)strengthened/ by a well bonded and weakly-
reinforced TRM layer 
 ,Q WKLV FDVH WKH ORDGFDUU\LQJ FDSDFLW\ RI
VWUHQJWKHQHG EHDPV PD\ UHGXFH HDUOLHU 3RLQW A IRU
RWKHUUHDVRQVVXFKDVWKHGHWHULRUDWLRQRIUHLQIRUFHPHQW
RUFRQFUHWHFRYHUGXHWRH[WHUQDOHQYLURQPHQWHIIHFW 
Case (d)strengthened by a weakly bonded and weakly-
reinforced TRM layer 
 7KHVWUHQJWKHQLQJHIIHFWLYHQHVVRI750OD\HULV
OLPLWHG FDXVHG E\ D ODUJHO\ GHERQGLQJ GDPDJH RI WKH
H[WHUQDO ERQGHG 750 OD\HU DQG IUDFWXUH RI WKH
UHLQIRUFHPHQWVLQWKHOD\HUZKLFKERWKFDQUHVXOWLQWKH
VWUHQJWKHQHGEHDPSUHVHQWDVLPLODUIOH[XUDOEHKDYLRUWR
WKDW RI QRQVWUHQJWKHQHG EHDPV 7KLV PHDQV WKDW WKH
VWUHQJWKHQLQJOD\HURIWKHEHDPGRHVQRWUHDFKLWVWDUJHW
IRUWKHVWUHQJWKHQLQJGRHVQRWLQFUHDVHVLJQLILFDQWO\WKH
ORDGFDUU\LQJFDSDFLW\RIWKHEHDPRQWKHFRQWUDU\WKH
750OD\HULQFUHDVHVWKHVHOIZHLJKWRIWKHHOHPHQW 
 )LJ)DLOXUHPRGHVDQGFKDUDFWHULVWLFVRIORDG
GHIOHFWLRQFXUYHV
Case (e, f)strengthened by a well-designed TRM layer 
with appropriate bonding and reinforcements  
 :KHQ 750 OD\HU KDV DQ DSSURSULDWH ERQGLQJ
EHKDYLRU DQG UHLQIRUFHPHQWV WKH VWUHQJWKHQHG EHDPV
FDQSUHVHQWDZHOOLPSURYHGIOH[XUDOEHKDYLRUVKRZQDV
&DVHVHDQGI)LJGHSLFWVWKHNH\SRLQWVRQORDG
GHIOHFWLRQFXUYHVRIVWUHQJWKHQHG5&EHDPV7KHEHDPV
XVXDOO\ VKRZ D SHUIHFW IOH[XUDO EHKDYLRU LQFOXGLQJ
HODVWLFGHIOHFWLRQ\LHOGORDGSHDNORDGDQGGXFWLOHSRVW
SHDNEHKDYLRU7KHUHDVRQVOHDGLQJWRWKHIDLOXUHRIVXFK
EHDPVDUHVWLOOWKHODUJHGHERQGLQJGDPDJHRUIUDFWXUHRI
ILEHUPHVKLQWKH750OD\HUZKLFKKDSSHQVDWDOPRVWWKH
VDPHPRPHQWRIWKHIUDFWXUHRIWKHZKROHVWUHQJWKHQLQJ
OD\HU *HQHUDOO\ WKH GHERQGLQJ GDPDJH RFFXUV EHIRUH
WKHIUDFWXUHRIILEHUPHFKOD\HU7KHGLIIHUHQFHEHWZHHQ
&DVHHDQGIPDLQO\LVIURPWKHOD\HUQXPEHURIWKH
ILEHUPHVKLQWKH750VWUHQJWKHQLQJOD\HU+RZHYHULW
VKRXOG EH QRWLFHG WKDW WKH LQFUHDVH IURP 3RLQW  WR
3RLQW  DW ODUJH GHIOHFWLRQ VWDJH LV OLPLWHG XQGHU WKH
VDPHFRQGLWLRQRI750OD\HU 
)LJ0LGVSDQGHIOHFWLRQYVWKHQXPEHURIOD\HUVRIIDEULFPHVK
 $ VLPSOH GLVFXVVLRQ RQ GHIRUPDWLRQDELOLW\ RI
5&EHDPV 
 7KH GHIRUPDWLRQDELOLW\ RI 5& HOHPHQWV KDV D
VLJQLILFDQWLQIOXHQFHRQWKHZKROHVWUXFWXUDOVWDELOLW\RI
5& VWUXFWXUHV $V VKRZQ LQ )LJ WKH PLGVSDQ
GHIOHFWLRQV RI WKH WHVWHG EHDPV DW XOWLPDWH OLPLW VWDWH
LQFUHDVHDV WKHQXPEHURI OD\HUVRI IDEULFPHVK LQ WKH
750OD\HU$VH[SODLQHGHDUOLHU750ZLWKPRUHOD\HUV
.H\SRLQWVRIVWUHQJWKDQGGHIRUPDWLRQ,QLWLDO FUDFNLQJRI750OD\HU<LHOGLQJVWDWXVRIVWUHQJWKHQHGEHDP0D[LPXPIOH[XUDO ORDGFDUU\LQJFDSDFLW\'HERQGLQJGDPDJHODUJHUFUDFNLQJLQRULJLQDOEHDPRUFRQFUHWHFUXVKLQJ)UDFWXUHRI750OD\HURUFRQFUHWHFUXVKLQJ ZLWKZHDNUHLQIRUFHPHQWV)UDFWXUHRI750OD\HURUFRQFUHWHFUXVKLQJ ZLWKVWURQJUHLQIRUFHPHQWV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7KHQXPEHURIOD\HUVRIIDEULFPHVK
0D[LPXPVWDWH
<LHOGLQJVWDWH
8OWLPDWHVWDWH
RI IDEULF PHVK FDQ LPSURYH WKHGHIRUPDWLRQDELOLW\ RI
5& EHDPV DW WKH ODWWHU VWDJH RI ORDGLQJ IRU WKH KLJK
VWUHQJWK 750 OD\HU XVXDOO\ SUHVHQW D KLJKHU WHQVLOH
EHKDYLRU 
 +RZHYHUWKHQXPEHURIOD\HUVRIIDEULFPHVKGLG
QRW DIIHFW VRPXFK WKH \LHOG GHIOHFWLRQ DW PLGVSDQ DV
VKRZQLQ)LJ7KLVFDQEHDWWULEXWHGWRWKHLQFUHDVHRI
ILEHUPHVKLQ750OD\HUGRHVQRWFKDQJHWKHUHVLVWDQFH
PHFKDQLVPRIWKHOD\HUDWWKHHDUO\VWDJHRIGHIRUPDWLRQ
DQGLW LVGHSHQGHQWRQWKHERQGEHWZHHQEHDPVXUIDFH
DQG750OD\HU7KLVPD\VXSSRUWDQDVVXPSWLRQIRUWKH
IXWXUH VWUXFWXUDO VLPXODWLRQ RI VXFK VWUHQJWKHQHG 5&
EHDPVWKH\LHOGVWDWHRIWKHVWUHQJWKHQHG5&EHDPVLV
VWLOO GHSHQGHQW RQ WKH PDLQ UHLQIRUFHPHQW UDWLR RI
RULJLQDOEHDPIRUWKHVWUHQJWKHQLQJHIIHFWRIWKH750
OD\HULVQRWUHOHDVHGDWWKDWWLPHDUHODWLYHORZGHIOHFWLRQ
\LHOGVWDWHDQGPDLQGHIOHFWLRQUHVLVWDQFHRIWKHEHDPV
DUH IURP WKH FRZRUNLQJ RI FRQFUHWH DQG PDLQ
UHLQIRUFHPHQWVDWWKHVWDJH

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 7KLV SDSHU VWXGLHG H[SHULPHQWDOO\ WKH F\FOLF IOH[XUDO
EHKDYLRU RI KLJKSHUIRUPDQFH 750VWUHQJWKHQHG 5&
EHDPV7KHPDLQFRQFOXVLRQVDUHGUDZQDVIROORZV 
 7KH UHVXOWV UHSRUWHG LQ WKH VWXG\ FRQILUPHG WKH
VWUHQJWKHQLQJ HIIHFWLYHQHVV RI WKH 750 OD\HU WR
5&EHDPVXQGHUF\FOLFORDGV
 7KHPDLQGHVLJQIDFWRUVUHODWHGWRWKH750OD\HU
IRUVWUHQJWKHQLQJDIOH[XUDOGRPLQDQW5&EHDPDUH
WKHLQWHUIDFHERQGDQGWH[WLOHIDEULFUHLQIRUFHPHQW
LQVLGHWKHOD\HU 
 7KHF\FOLFORDGKDVOLWWOHLQIOXHQFHRQWKHIOH[XUDO
FDSDFLW\ RI 5& EHDPV ZKLOH LW GHFUHDVHV WKH
XOWLPDWHGHIRUPDWLRQDELOLW\
 7KH LQLWLDO GDPDJH RI WKH 5& EHDP VXFK DV
FUDFNLQJ GLG QRW DIIHFW VLJQLILFDQWO\ WKH
VWUHQJWKHQLQJ HIIHFW RI WKH 750 OD\HU LQ WKH
XOWLPDWHFDSDFLW\RIWKH5&EHDPZKLOHWKHEHDP
ZLWKRXW SUHFUDFNLQJ SUHVHQWHG D KLJKHU XOWLPDWH
PLGVSDQ GHIOHFWLRQ7KH QXPEHU RI WKH OD\HUV RI
ILEHUPHVKLQSUHVHQWHGDVLJQLILFDQWLQIOXHQFHRQ
WKHVWUHQJWKHQLQJRI5&EHDPV,WLVZRUWKQRWLQJ
WKDWWKHPRUWDULQ750XVHGLQWKHFXUUHQWVWXG\LV
RIKLJKFRPSUHVVLYHVWUHQJWK7KHUHVXOWVPD\QRW
EHDSSOLFDEOHZKHQWKH750OD\HULVPDGHRIORZ
VWUHQJWKPHDQLQJIXUWKHUVWXGLHVDUHH[SHFWHG
 'HWDLOHGDQDO\VLVRIIDLOXUHPRGHVRIEHDPVDQGD
GLVFXVVLRQ RQ WKH GHIRUPDWLRQDELOLW\ RI 750
VWUHQJWKHQHG EHDPV KDYH EHHQ SURYLGHG 7KH
UHVXOWVLQGLFDWHGWKDWDZHOOGHVLJQHG750OD\HULV
FULWLFDOWRHQVXUHWKHLGHDOF\FOLFIOH[XUDOEHKDYLRU
RI WKH EHDPV FRQVLVWLQJ RI DSSURSULDWH
UHLQIRUFHPHQWV DQG PRUWDU ZLWK JRRG LQWHUIDFH
ERQGSURSHUWLHV

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
 7KH DXWKRUV DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW
IURP WKH 8QLYHUVLW\ RI /HHGV WR FRQGXFW WKH
H[SHULPHQWDO ZRUNV DQG WKH FRQWULEXWLRQ RI WKH 03KLO
VWXGHQW0U*.DPSLVLRV

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